An analysis is made of the errors in the determination of the position of an emergency transmitter in a satellite-aided search and rescue system. The satellite is assumed to be at a height of 820 km in a near-circular near In the operation of a satellite-aided search and rescue system, distress signals from an emergency transmitter are received by an orbiting satellite. The position of the transmitter is determined by an analysis of the Doppler shift of the frequency of the received signal.
In the operation of a satellite-aided search and rescue system, distress signals from an emergency transmitter are received by an orbiting satellite. The position of the transmitter is determined by an analysis of the Doppler shift of the frequency of the received signal.
A practical consideration is the way by which the Doppler information is transmitted back to the ground for use by a rescue team. One method is to measure and record the Doppler-shifted signal at the satellite. The record is later "dumped" when the satellite passes within view of a system ground station [1] . Another method involves no recording but instead requires the existence of a number of ground stations so positioned that the satellite has at least one of them in view when it receives the emergency transmission. In this case the Doppler information can be immediately relayed to ground station. This can be done either by measuring the Doppler shift at the satellite and encoding the measurement onto the transmission from the satellite or by merely routing the emergency signal through a transponder [1] . Both the recording and the immediate relay method may be employed in the joint U.S.-Canada tests using the TIROS-N satellite [2, 3] .
In a search and rescue system employing the relay method, Doppler data are obtained only during the interval when the satellite is in view not only of the emergency transmitter but also of the receiving ground station. Since the number of ground stations is limited by considerations of cost, the data-collection interval may be limited to only a small portion of the satellite pass over the emergency transmitter. It therefore becomes important to determine how the accuracy of the Doppler position determination is affected by the use of short data spans. The case where data are available from the entire satellite pass has been treated by Koch [4] .
A second practical consideration is the rate at which Doppler information is transmitted. Both because the satellite might be required to handle a large number of emergency signals simultaneously and also in order to reduce the average power requirements of the emergency transmitters, it is advantageous to have the transmitters operate not continuously but instead repetitively in short bursts. The selection of the repetition rate involves a tradeoff, since the improvement in the signal capacity of the satellite and the reduction of the power requirement of the emergency transmitter obtained by the use of a low repetition rate must be weighed against the error introduced in the calculation of transmitter positions by the reduction of the number of data points.
In this paper the error in the position calculation will be estimated using data spans of several durations and repetition rates for a number of transmitter locations with respect to the satellite ground track. The error sources considered will be Doppler measurement noise, assumed to be independently distributed for each point, linear drift of the emergency transmitter frequency, ionospheric effects as modeled in [1] , and error in the assumed height of the emergency transmitter above sea level. The latter error exists because it is usually better to estimate the transmitter height rather than solve for it when only a small quantity of Doppler data is available. 
where Pi is the true range rate and b is an unknown fixed bias arising from the use of a nominal transmitter frequency in the calculation of Poi. The relationships (4) hold only approximately because of measurement noise, neglect of atmospheric effects on propagation, and other modeling errors.
The procedure usually employed to solve the family of equations (4) for the unknown transmitter position is the method of least squares. Since the satellite ephemeris is assumed known, the range rate Ai between the satellite and a given transmitter position becomes a function of transmitter position alone P P(, A, h) (5) where / and X are the transmitter latitude and longitude respectively, and h is the height above the surface of an ellipsoidal Earth. In a single pass solution, the height of the transmitter is usually not, solved but instead is taken to be some assumed value ha. The least squares solution of (4) Poi-Pi(, X h) + b + ei. The errors in the estimates of latitude and longitude are the values of A4O and AX that minimize (9). To determine these values is a standard problem in least squares which is readily solved by matrix methods [6, 7] .
To obtain the effect of a 1 -km error in the assumed height ha, the values of AO and AX that minimize (9) with ei = 0 and h -ha = 1 km were found. The effect of a constant transmitter frequency drift is obtained with h = ha and ei set directly proportional to the measurement times, 
Results
The Doppler data used in the error analysis consisted of points spaced equally over intervals of various durations. In Table I an example is given of a 4-min data interval consisting of 7 Doppler points. The interval is centered at 2 min after TCA. Table II shows the results of the error analysis for the 50°station. Tables for the 200 and 800 stations can be found in [7] . The position location errors listed are in all cases the square root of the sum of the squares of the errors in the latitudinal and logitudinal directions. In Fig. 1 the error caused by measurement noise is plotted as a function of the number of points. If the number is large, the error should be inversely proportional to the square root of that number, as shown in the figure.
In Fig. 2 position error caused by a -km error in assumed height is plotted versus satellite elevation angle at TCA. In MARINI: ERROR ANALYSIS FOR RELAY TYPE SATELLITE-AIDED SEARCH AND RESCUE SYSTEMS 
